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The original version of this article unfortunately contained a
mistake in Table 2. The Table 2 was truncated in the ori-
ginal publication. The full Table 2 is given below.
The original article has been corrected.
* Maria Luisa Brandi
marialuisa.brandi@unifi.it
1 Department of Surgery and Translational Medicine, University of
Florence, Florence, Italy
2 Familial Cancer Clinic, Veneto Institute of Oncology IRCCS,
Padua, Italy
3 Department of Clinical and Experimental Medicine, Section of
Endocrinology, University of Pisa, Pisa, Italy
4 Endocrinology Unit, Department of Clinical Medicine and
Surgery, University of Naples Federico II, Naples, Italy
5 Internal Medicine, Section of Endocrinology, Department of
Medicine, University of Verona, Verona, Italy
6 NET Unit, Department of Clinical and Experimental Medicine,
University of Sassari, Sassari, Italy
7 Multidisciplinar NET Center, Umbria Regional Cancer Network,
Azienda Ospedaliera di Perugia and University of Perugia,
Perugia, Italy
8 Endocrinology Unit, Department of Internal Medicine and
Medical Specialties (DiMI), Policlinico San Martino, University of
Genoa, Genoa, Italy
9 Department of Endocrinology, Hospital Niguarda Ca’ Granda,
Milan, Italy
10 Division of Endocrinology, Department of Medicine (DIMED),
University of Padua, Padua, Italy
11 University of Milan, Milan, Italy
12 Department of Clinical Sciences and Community Health,
University of Milan, Milan, Italy
13 Division of Endocrine and Metabolic Diseases, IRCCS Istituto
Auxologico Italiano, Milan, Italy
14 Unit of Endocrinology ‘Casa Sollievo della Sofferenza’ Hospital,
IRCCS, San Giovanni Rotondo, Foggia, Italy
15 Department of Medical and Surgical Sciences, S. Orsola-Malpighi
University Hospital, Bologna, Italy
12
34
56
78
90
()
;,:
12
34
56
78
90
();
,:
Ta
bl
e
2
M
ai
n
ch
ar
ac
te
ri
st
ic
s
of
M
E
N
1
m
ut
at
io
ns
in
ou
r
M
E
N
1
pa
tie
nt
s
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
g.
19
7d
el
A
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
29
N
A
11
8
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
7
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(2
)
0
2
g.
30
1_
30
5d
up
5
B
as
se
tt
[1
7]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
67
N
A
12
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
9
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
30
2
in
sA
C
on
co
lin
o
[3
]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
64
N
A
11
6
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
5
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(4
)
0
4
g.
30
8_
31
2i
ns
5
G
ir
au
d
[1
8]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
66
N
A
11
4
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(5
)
0
5
g.
31
7_
32
0i
ns
4
V
an
nu
cc
i
[1
9]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
69
N
A
11
7
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(6
)
0
6
g.
31
7_
32
1i
ns
5
C
eb
ri
an
[2
0]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
69
N
A
12
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
9
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
3
(7
)
1
8
g.
31
7d
el
C
A
ga
rw
al
[2
1]
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
69
N
A
11
8
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
7
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(8
)
0
8
g.
33
5d
el
A
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
76
N
A
11
8
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
7
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
35
7_
36
0d
el
4
A
ga
rw
al
[2
1]
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
83
N
A
11
8
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
35
9_
36
2d
el
4
S
ak
ur
ai
[2
2]
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
83
N
A
11
7
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
4
(1
0)
0
10
g.
44
5i
ns
C
N
ov
el
b
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
2
N
A
11
1
N
A
11
6
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
11
5
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
53
1d
el
C
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
2
N
A
14
0
N
A
18
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
18
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(1
)
0
1
g.
57
9d
el
G
N
uz
zo
[2
3]
F
ra
m
es
hi
ft
(d
el
et
io
n)
3
N
A
15
7
N
A
18
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
18
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(4
)
0
4
g.
61
3d
el
T
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
3
N
A
16
7
N
A
18
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
18
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(3
)
0
3
g.
73
4_
73
7d
el
4
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
3
N
A
20
8
N
A
22
2
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
22
1
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(5
)
0
5
g.
73
8_
74
1d
el
4
C
ha
nd
ra
se
kh
ar
ap
pa
[2
4]
F
ra
m
es
hi
ft
(d
el
et
io
n)
3
N
A
21
0
N
A
22
2
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
22
1
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(4
)
0
4
g.
86
8d
el
C
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
4
N
A
25
3
N
A
27
9
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
27
8
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(1
)
1
2
g.
95
3_
95
4d
el
G
A
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
6
N
A
28
1
N
A
31
5
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
31
4
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(3
)
0
3
g.
10
05
de
lC
E
lla
rd
[2
5]
F
ra
m
es
hi
ft
(d
el
et
io
n)
6
N
A
29
9
N
A
36
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
e
th
re
e
N
L
S
s
0
1
1
g.
10
59
de
lC
M
or
el
li
[2
6]
F
ra
m
es
hi
ft
(d
el
et
io
n)
7
N
A
31
7
N
A
36
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
10
60
in
sC
N
ov
el
b
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
7
N
A
31
7
N
A
36
8
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
7
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
10
61
de
lC
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
7
N
A
31
7
N
A
36
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(3
)
0
3
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
g.
10
71
de
lT
M
or
el
li
[2
6]
F
ra
m
es
hi
ft
(d
el
et
io
n)
7
N
A
32
1
N
A
36
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(2
)
0
2
g.
11
81
de
lC
a
V
an
nu
cc
i
[1
9]
F
ra
m
es
hi
ft
(d
el
et
io
n)
8
N
A
35
7
N
A
36
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
36
6
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(5
)
0
5
g.
12
64
de
lC
M
or
el
li
[2
6]
F
ra
m
es
hi
ft
(d
el
et
io
n)
8
N
A
38
5
N
A
44
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(7
)
0
7
g.
12
84
de
lG
A
ga
rw
al
[2
1]
F
ra
m
es
hi
ft
(d
el
et
io
n)
8
N
A
39
2
N
A
44
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(1
)
1
2
g.
13
64
de
lC
H
ai
[2
7]
F
ra
m
es
hi
ft
(d
el
et
io
n)
9
N
A
41
8
N
A
44
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(5
)
0
5
g.
14
34
de
lC
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
9
N
A
44
1
N
A
44
4
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
g.
14
49
_1
45
9d
el
11
G
ir
au
d
[1
8]
F
ra
m
es
hi
ft
(d
el
et
io
n)
9
N
A
44
7
N
A
52
6
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
5
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
an
d
w
ith
N
L
S
1
(A
A
47
9–
49
7)
al
te
re
d
be
ca
us
e
of
am
in
oa
ci
di
c
ch
an
ge
s
fr
om
co
do
n
44
7
1
(2
4)
0
24
g.
15
28
_1
53
4d
el
7
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
47
3
N
A
53
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
9
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
an
d
w
ith
N
L
S
1
(A
A
47
9–
49
7)
al
te
re
d
be
ca
us
e
of
am
in
oa
ci
di
c
ch
an
ge
s
fr
om
co
do
n
47
3
1
(2
)
0
2
g.
15
55
in
sG
M
or
el
li
[2
6]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
48
1
N
A
53
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
9
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
an
d
w
ith
N
L
S
1
(A
A
47
9–
49
7)
al
te
re
d
be
ca
us
e
of
am
in
oa
ci
di
c
ch
an
ge
s
fr
om
co
do
n
48
1
3
(9
)
0
9
g.
15
71
de
lC
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
48
7
N
A
52
9
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
8
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
an
d
w
ith
N
L
S
1
(A
A
47
9–
49
7)
al
te
re
d
be
ca
us
e
of
am
in
oa
ci
di
c
ch
an
ge
s
fr
om
co
do
n
48
7
1
(2
)
0
2
g.
16
31
de
lG
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
50
7
N
A
55
8
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
55
7
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(2
)
0
2
g.
16
56
in
sC
A
ga
rw
al
[2
1]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
51
6
N
A
53
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
9
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
9
(2
5)
2
27
g.
16
59
in
sG
B
ar
ts
ch
[2
8]
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
51
7
N
A
53
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
9
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(2
)
0
2
g.
16
71
_1
68
0d
el
11
C
on
co
lin
o
[3
]
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
52
1
N
A
52
6
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
5
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(A
A
54
6–
57
2)
an
d
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
3
(7
)
0
7
g.
16
90
de
lG
N
ov
el
b
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
52
7
N
A
56
1
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
56
0
am
in
o
ac
id
s
la
ck
in
g
pa
rt
of
N
L
S
a
(A
A
54
6–
57
2)
an
d
al
l
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(1
)
0
1
g.
17
05
_1
70
6i
ns
G
G
N
ov
el
b
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
53
2
N
A
56
1
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
56
0
am
in
o
ac
id
s,
la
ck
in
g
pa
rt
of
N
L
S
a
(A
A
54
6–
57
2)
an
d
al
l
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(3
)
0
3
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
g.
17
57
in
sA
N
ov
el
b
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
54
9
N
A
55
6
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
55
5
am
in
o
ac
id
s,
la
ck
in
g
pa
rt
of
N
L
S
a
(A
A
54
6–
57
2)
an
d
al
l
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(1
)
0
1
g.
17
86
de
lA
A
st
er
ia
[2
9]
F
ra
m
es
hi
ft
(d
el
et
io
n)
10
N
A
55
9
N
A
56
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
55
9
am
in
o
ac
id
s,
la
ck
in
g
pa
rt
of
N
L
S
a
(A
A
54
6–
57
2)
an
d
al
l
N
L
S
2
(A
A
58
8–
60
8)
.
N
L
S
1
(A
A
47
9–
49
7)
re
m
ai
ns
in
ta
ct
.
1
(5
)
0
5
g.
19
37
in
sC
N
ov
el
b
F
ra
m
es
hi
ft
(i
ns
er
tio
n)
10
N
A
60
9
S
to
p6
11
L
eu
L
os
s
of
st
op
co
do
n
(T
G
A
)
at
po
si
tio
n
61
1
In
se
rt
io
n
of
a
cy
to
si
ne
af
te
r
co
do
n
60
9
th
at
le
ad
s
to
th
e
lo
ss
of
th
e
st
op
co
do
n
at
po
si
tio
n
61
1.
A
no
ve
l
co
do
n
st
op
(T
G
A
)
is
ge
ne
ra
te
d
at
co
do
n
63
2,
pr
es
um
ab
ly
le
ad
in
g
to
a
m
en
in
pr
ot
ei
n
lo
ng
er
th
an
no
rm
al
(6
31
am
in
o
ac
id
s)
1
(3
)
0
3
g.
46
8_
47
0d
el
3
A
ga
rw
al
[2
1]
In
-f
ra
m
e
de
le
tio
n
2
N
A
12
0
L
ys
12
0d
el
N
A
L
os
s
of
L
ys
in
e
at
po
si
tio
n
12
0,
af
fe
ct
in
g
bi
nd
in
g
si
te
of
S
M
A
D
3
(a
a
40
–
27
8)
an
d
N
M
23
H
1
(a
a
1–
48
6)
.
M
en
in
pr
ot
ei
n
of
60
9
am
in
o
ac
id
s.
0
1
1
g.
67
4_
69
1d
el
18
G
ia
cc
hé
[3
0]
In
-f
ra
m
e
de
le
tio
n
3
N
A
18
9–
19
4
L
os
s
of
am
in
o
ac
id
s
18
9–
19
4
N
A
L
os
s
of
am
in
o
ac
id
s
at
po
si
tio
n
18
9–
19
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
39
–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
,
H
D
A
C
1
(a
a
14
5–
45
0)
an
d
N
M
23
H
1
(a
a
1–
48
6)
.M
en
in
pr
ot
ei
n
of
60
4
am
in
o
ac
id
s.
0
1
1
g.
90
8_
91
0d
el
3
P
ap
i
[3
1]
In
-f
ra
m
e
de
le
tio
n
5
N
A
26
6–
26
7
L
eu
26
7l
os
s
N
A
L
os
s
of
L
eu
ci
ne
at
po
si
tio
n
26
7,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
H
C
II
-A
(a
a
15
4–
30
6)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
S
M
A
D
3
(a
a
40
–
27
8)
,
H
D
A
C
1
(a
a
14
5–
45
0)
an
d
N
M
23
H
1
(a
a
1–
48
6)
.M
en
in
pr
ot
ei
n
of
60
9
am
in
o
ac
id
s.
1
(3
)
0
3
g.
14
33
_1
43
8d
el
6
N
ov
el
b
In
-f
ra
m
e
de
le
tio
n
9
N
A
44
1–
44
3
L
os
s
of
G
ln
44
2
an
d
S
er
44
3
N
A
L
os
s
of
G
lu
ta
m
in
e
at
po
si
tio
n
44
2
an
d
S
er
in
e
at
po
si
tio
n
44
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
,
R
P
A
2
(a
a
28
6–
44
8)
an
d
C
H
E
S
1
(a
a
42
8–
61
0)
.
M
en
in
pr
ot
ei
n
of
60
8
am
in
o
ac
id
s.
1(
2)
0
2
G
ln
64
S
to
p
L
an
ge
r
[3
2]
N
on
se
ns
e
2
N
A
64 (C
A
G
>
T
A
G
)
N
A
64
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
63
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(3
)
0
3
T
rp
12
6S
to
p
B
as
se
tt
[1
7]
N
on
se
ns
e
2
N
A
12
6
(T
G
G
>
T
A
G
)
N
A
12
6
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
12
5
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(4
)
0
4
G
lu
27
4S
to
p
N
ov
el
b
N
on
se
ns
e
5
N
A
27
4
(G
A
A
>
T
A
A
)
N
A
27
4
(T
A
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
27
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(1
)
0
1
T
hr
34
1S
to
p
C
eb
ri
an
[3
3]
N
on
se
ns
e
7
N
A
34
1
(T
G
G
>
T
G
A
)
N
A
34
1
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
34
0
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(3
)
0
3
A
rg
41
5S
to
p
L
em
m
en
s
[3
4]
N
on
se
ns
e
9
N
A
41
5
(C
G
A
>
T
G
A
)
N
A
41
5
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
41
4
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
7
(3
3)
2
35
G
ln
44
2S
to
p
S
hi
m
iz
u
[3
5]
N
on
se
ns
e
9
N
A
44
2
(C
A
G
>
T
A
G
)
N
A
44
2
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
1
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(3
)
0
3
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
G
ln
45
0S
to
p
H
ai
[3
6]
N
on
se
ns
e
9
N
A
45
0
(C
A
G
>
T
A
G
)
N
A
45
0
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
44
9
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
2
(4
)
2
6
A
rg
46
0S
to
p
A
ga
rw
al
[2
1]
N
on
se
ns
e
10
N
A
46
0
(C
G
A
>
T
G
A
)
N
A
46
0
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
45
9
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
1
(1
3)
2
15
G
lu
47
4S
to
p
C
or
be
tta
[3
7]
N
on
se
ns
e
10
N
A
47
4
(G
A
A
>
T
A
A
)
N
A
47
4
(T
A
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
47
3
am
in
o
ac
id
s,
la
ck
in
g
al
l
th
re
e
N
L
S
s
0
1
1
G
ly
50
8S
to
p
M
or
el
li
[2
6]
N
on
se
ns
e
10
N
A
50
8
(C
A
G
>
T
A
G
)
N
A
50
8
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
50
7
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(a
a
54
6–
57
2)
an
d
N
L
S
2
(a
a
58
8–
60
8)
.
N
L
S
1
re
m
ai
ns
in
ta
ct
1
(2
)
0
2
A
rg
52
7S
to
p
C
ha
nd
ra
se
kh
ar
ap
pa
[2
4]
N
on
se
ns
e
10
N
A
52
7
(C
G
A
>
T
G
A
)
N
A
52
7
(T
G
A
)
S
ho
rt
en
ed
m
en
in
of
on
ly
52
6
am
in
o
ac
id
s,
la
ck
in
g
N
L
S
a
(a
a
54
6–
57
2)
an
d
N
L
S
2
(a
a
58
8–
60
8)
.
N
L
S
1
re
m
ai
ns
in
ta
ct
1
(2
)
0
2
G
lu
55
6S
to
p
Ja
p
[3
8]
N
on
se
ns
e
10
N
A
55
6
(G
A
G
>
T
A
G
)
N
A
55
6
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
55
5
am
in
o
ac
id
s,
la
ck
in
g
pa
rt
of
N
L
S
a
(a
a
54
6–
57
2)
an
d
th
e
en
tir
e
N
L
S
2
(a
a
58
8–
60
8)
.
N
L
S
1
re
m
ai
ns
in
ta
ct
0
1
1
L
ys
55
7S
to
p
N
ov
el
b
N
on
se
ns
e
10
N
A
55
7
(A
A
G
>
T
A
G
)
N
A
55
7
(T
A
G
)
S
ho
rt
en
ed
m
en
in
of
on
ly
55
6
am
in
o
ac
id
s,
la
ck
in
g
pa
rt
of
N
L
S
a
(a
a
54
6–
57
2)
an
d
th
e
en
tir
e
N
L
S
2
(a
a
58
8–
60
8)
.
N
L
S
1
re
m
ai
ns
in
ta
ct
2
(4
)
0
4
M
et
1V
al
V
ill
ab
la
nc
a
[3
9]
M
is
se
ns
e
2
N
A
1
(A
T
G
>
G
T
G
)
M
et
>
V
al
N
A
In
iti
al
M
et
io
ni
n
at
co
do
n
1
is
su
bs
tit
ut
ed
by
a
V
al
in
e.
U
su
al
ly
in
iti
al
M
et
io
ni
ne
is
en
zi
m
at
ic
al
ly
re
m
ov
ed
at
po
st
-t
ra
du
ct
io
n
le
ve
l.
T
he
pr
es
en
ce
of
a
V
al
in
e
at
po
si
tio
n
1
af
fe
ct
s
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
1–
40
),
N
M
23
H
1
(a
a
1–
48
6)
an
d
R
P
A
2
(a
a
1–
40
).
M
en
in
pr
ot
ei
n
of
61
1
am
in
o
ac
id
s
1
(1
)
0
1
G
lu
45
G
ln
G
ri
ni
at
so
s
[4
0]
M
is
se
ns
e
2
N
A
45 (G
A
G
>
C
A
G
)
G
lu
>
G
ln
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
45
,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
an
d
S
M
A
D
3
(a
a
40
–
27
8)
2
(7
)
0
7
G
lu
45
L
ys
M
or
el
li
[2
6]
M
is
se
ns
e
2
N
A
45 (G
A
G
>
A
A
G
)
G
lu
>
L
ys
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
45
,
af
fe
ct
in
g
bi
nd
in
g
si
te
of
N
M
23
H
1
(a
a
1–
48
6)
an
d
S
M
A
D
3
(a
a
40
–
27
8)
0
1
1
A
rg
13
7T
rp
N
ov
el
b
M
is
se
ns
e
2
N
A
13
7
(C
G
G
>
T
G
G
)
A
rg
>
T
rp
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
13
7,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
an
d
S
M
A
D
3
(a
a
40
–
27
8)
1
(2
)
0
2
P
he
14
6S
er
V
an
nu
cc
i
[1
9]
M
is
se
ns
e
2
N
A
14
6
(T
T
C
>
T
C
C
)
P
he
>
S
er
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
14
6,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(2
)
0
2
A
sp
15
3G
lu
F
ilo
pa
nt
i
[4
1]
M
is
se
ns
e
3
N
A
15
3
(G
A
C
>
G
A
G
)
A
sp
>
G
lu
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
15
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
4
(8
)
0
8
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
G
ly
16
3A
rg
N
ov
el
b
M
is
se
ns
e
3
N
A
16
3
(G
G
G
>
A
G
G
)
G
ly
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
16
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(1
)
0
1
H
is
18
1A
sp
N
ov
el
b
M
is
se
ns
e
3
N
A
18
1
(C
A
T
>
G
A
T
)
H
is
>
A
sp
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
18
1,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
1
1
V
al
19
6G
ly
V
an
nu
cc
i
[1
9]
M
is
se
ns
e
3
N
A
19
6
(G
T
C
>
G
G
C
)
V
al
>
G
ly
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
19
6,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(7
)
0
7
H
is
19
9A
sp
N
ov
el
b
M
is
se
ns
e
3
N
A
19
9
(C
A
C
>
G
A
C
)
H
is
>
A
sp
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
19
9,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
1
1
V
al
21
5M
et
M
or
el
li
[2
6]
M
is
se
ns
e
3
N
A
21
5
(G
T
G
>
A
T
G
)
V
al
>
M
et
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
21
5,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(2
)
0
2
T
rp
22
0A
rg
N
ov
el
b
M
is
se
ns
e
4
N
A
22
0
(T
G
G
>
C
G
G
)
T
rp
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
22
0,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
13
9–
24
2)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(2
)
1
3
L
eu
24
9P
ro
a
V
an
nu
cc
i
[1
9]
M
is
se
ns
e
4
N
A
24
9
(C
T
G
>
C
C
G
)
L
eu
>
P
ro
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
24
9,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
e
H
D
A
C
1
(a
a
14
5–
45
0)
.
1
(5
)
0
5
L
eu
25
6P
he
T
ha
m
[4
2]
M
is
se
ns
e
4
N
A
25
6
(C
T
T
>
T
T
T
)
L
eu
>
P
he
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
25
6,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
1
1
L
eu
27
3P
ro
N
ov
el
b
M
is
se
ns
e
5
N
A
27
3
(C
T
G
>
C
C
G
)
L
eu
>
P
ro
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
27
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(6
)
0
6
A
la
28
4V
al
N
ov
el
b
M
is
se
ns
e
6
N
A
28
4
(G
C
A
>
G
T
A
)
A
la
>
V
al
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
28
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
N
M
23
H
1
(a
a
1–
48
6)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(3
)
0
3
T
hr
34
4A
rg
A
ga
rw
al
[2
1]
M
is
se
ns
e
7
N
A
34
4
(A
C
G
>
A
G
G
)
T
hr
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
34
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
32
3–
42
8)
an
d
N
F
-k
B
(a
a
30
5–
38
1)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
R
P
A
2
(a
a
28
6–
44
8)
,
N
M
23
H
1
(a
a
1–
48
6)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
3
(8
)
1
9
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
C
ys
35
4P
he
V
an
nu
cc
i
[1
9]
M
is
se
ns
e
8
N
A
35
4
(T
G
C
>
T
T
C
)
C
ys
>
P
he
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
35
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
32
3–
42
8)
an
d
N
F
-k
B
(a
a
30
5–
38
1)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
R
P
A
2
(a
a
28
6–
44
8)
,
N
M
23
H
1
(a
a
1–
48
6)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(4
)
0
4
P
ro
39
0A
rg
N
ov
el
b
M
is
se
ns
e
8
N
A
39
0
(C
C
G
>
C
G
G
)
P
ro
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
35
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
32
3–
42
8)
,
m
S
in
3A
(a
a
37
1–
38
7)
,
F
A
N
C
D
2
(a
a
21
9–
39
5)
,
R
P
A
2
(a
a
28
6–
44
8)
,
N
M
23
H
1
(a
a
1–
48
6)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(2
)
0
2
L
eu
41
3P
ro
A
st
er
ia
[2
9]
M
is
se
ns
e
9
N
A
41
3
(C
T
G
>
C
C
G
)
L
eu
>
P
ro
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
41
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(3
23
–
42
8)
,N
M
23
H
1
(1
–
48
6)
,R
P
A
2
(2
86
–
44
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
1
1
L
eu
41
3A
rg
T
ol
ed
o
[4
3]
M
is
se
ns
e
9
N
A
41
3
(C
T
G
>
C
G
G
)
L
eu
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
41
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(3
23
–
42
8)
,N
M
23
H
1
(1
–
48
6)
,R
P
A
2
(2
86
–
44
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
2
2
A
sp
41
8A
sn
B
as
se
tt
[1
7]
M
is
se
ns
e
9
N
A
41
8
(G
A
C
>
A
A
C
)
A
sp
>
A
sn
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
41
8,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(3
23
–
42
8)
,N
M
23
H
1
(1
–
48
6)
,R
P
A
2
(2
86
–
44
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
2
(3
)
1
4
G
ly
41
9V
al
N
ov
el
b
M
is
se
ns
e
9
N
A
41
9
(G
G
C
>
G
T
C
)
G
ly
>
V
al
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
41
9,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
32
3–
42
8)
,
N
M
23
H
1
(a
a
1–
48
6)
,
R
P
A
2
(2
86
–
44
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
0
1
1
T
rp
42
3A
rg
C
eb
ri
an
[2
0]
M
is
se
ns
e
9
N
A
42
3
(T
G
G
>
C
G
G
)
T
rp
>
A
rg
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
42
3,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
32
3–
42
8)
,
N
M
23
H
1
(a
a
1–
48
6)
,
R
P
A
2
(a
a
28
6–
44
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0)
1
(3
)
0
3
L
eu
44
4P
ro
C
et
an
i
[4
4]
M
is
se
ns
e
9
N
A
44
4
(C
T
A
>
C
C
A
)
L
eu
>
P
ro
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
44
4,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
,R
P
A
2
(a
a
28
6–
44
8)
,
H
D
A
C
1
(a
a
14
5–
45
0)
an
d
C
H
E
S
1
(a
a
42
8–
61
0)
4
(1
1)
1
12
P
he
44
7S
er
A
ga
rw
al
[2
1]
M
is
se
ns
e
9
N
A
44
7
(T
T
T
>
T
C
T
)
P
he
>
S
er
N
A
S
in
gl
e
am
in
o
ac
id
su
bs
tit
ut
io
n
at
po
si
tio
n
44
7,
af
fe
ct
in
g
bi
nd
in
g
si
te
s
of
N
M
23
H
1
(a
a
1–
48
6)
,R
P
A
2
(a
a
28
6–
44
8)
,
H
D
A
C
1
(a
a
14
5–
45
0)
an
d
C
H
E
S
1
(a
a
42
8–
61
0)
1
(1
)
0
1
g.
10
4
G
>
A
N
ov
el
b
S
pl
ic
in
g-
si
te
2
N
A
N
A
N
A
N
A
A
lte
ri
ng
th
e
sp
lic
in
g
si
te
6
ba
se
s
be
fo
re
th
e
in
iti
al
A
T
G
co
do
n
w
ith
in
th
e
ex
on
1,
m
ay
be
al
te
ri
ng
bi
nd
in
g
si
te
s
of
JU
N
D
(a
a
1–
40
),
N
M
23
H
1
(a
a
1–
48
6)
an
d
R
P
A
2
(a
a
1–
40
)
1
(3
)
0
3
g.
55
6-
3
C
>
G
B
ur
ge
ss
[4
5]
S
pl
ic
in
g-
si
te
N
A
2
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
2
an
d
ex
on
3
0
1
1
g.
76
5-
1
G
>
C
B
al
og
h
[4
6]
S
pl
ic
in
g-
si
te
N
A
3
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
3
an
d
ex
on
4
1
(4
)
0
4
g.
76
5-
1
G
>
A
N
ov
el
b
S
pl
ic
in
g-
si
te
N
A
3
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
3
an
d
ex
on
4
0
1
1
Endocrine
Ta
bl
e
2
(c
on
tin
ue
d)
M
ut
at
io
n
R
ef
er
en
ce
s
T
yp
e
E
xo
n
In
tr
on
A
ff
ec
te
d
co
do
n
A
m
in
o
ac
id
su
bs
tit
ut
io
n
P
re
m
at
ur
e
st
op
co
do
n
M
ai
n
ef
fe
ct
on
m
en
in
pr
ot
ei
n
N
um
be
r
of
M
E
N
1
fa
m
ili
es
be
ar
in
g
th
e
m
ut
at
io
n
(t
ot
al
m
em
be
rs
)
N
um
be
r
of
no
n-
fa
m
ili
al
M
E
N
1
ca
se
s
be
ar
in
g
th
e
m
ut
at
io
n
T
ot
al
nu
m
be
r
of
M
E
N
1
pa
tie
nt
s
be
ar
in
g
th
e
m
ut
at
io
n
g.
89
3
+
1
G
>
A
M
or
el
li
[2
6]
S
pl
ic
in
g-
si
te
N
A
4
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
ex
on
4
an
d
in
tr
on
4
1
(7
)
0
7
g.
89
3
+
1
G
>
C
P
on
ci
n
[4
7]
S
pl
ic
in
g-
si
te
N
A
4
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
ex
on
4
an
d
in
tr
on
4
1
(3
)
0
3
g.
89
4-
9
G
>
A
G
or
tz
[4
8]
S
pl
ic
in
g-
si
te
N
A
4
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
4
an
d
ex
on
5
5
(1
7)
1
18
g.
93
5-
2
A
>
G
T
ol
ia
t
[4
9]
S
pl
ic
in
g-
si
te
N
A
5
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
5
an
d
ex
on
6
1
(2
)
0
2
g.
93
5-
18
de
lG
A
N
ov
el
b
S
pl
ic
in
g-
si
te
N
A
5
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
in
tr
on
5
an
d
ex
on
6
0
1
1
g.
11
59
+
1
G
>
A
B
as
se
tt
[1
7]
S
pl
ic
in
g-
si
te
N
A
7
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
ex
on
7
an
d
in
tr
on
7
1
(2
)
1
3
g.
11
59
+
2
T
>
C
H
an
[5
0]
S
pl
ic
in
g-
si
te
N
A
7
N
A
N
A
N
A
A
ff
ec
tin
g
th
e
sp
lic
in
g
si
te
be
tw
ee
n
ex
on
7
an
d
in
tr
on
7
1
(1
)
0
1
N
A
N
A
L
ar
ge
in
tr
a-
ge
ni
c
de
le
tio
n
E
nt
ir
e
ex
on
1
an
d
pa
rt
of
ex
on
2
1
N
A
N
A
N
A
L
os
s
of
th
e
en
tir
e
ex
on
1
an
d
pa
rt
of
ex
on
2.
L
os
s
of
bi
nd
in
g
si
te
s
w
ith
JU
N
D
(a
a
1–
40
),
R
P
A
2
(a
a
1–
40
),
N
M
23
H
1
(a
a
1–
48
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
.
1
(2
)
0
2
N
A
N
A
L
ar
ge
in
tr
a-
ge
ni
c
de
le
tio
n
1,
2
an
d
3
1
an
d
2
N
A
N
A
N
A
L
os
s
of
ex
on
s
1,
2
an
d
3.
L
os
s
of
bi
nd
in
g
si
te
s
w
ith
JU
N
D
(a
a
1–
40
),
N
M
23
H
1
(a
a
1–
48
6)
,
N
M
H
C
II
-A
(a
a
15
4–
30
6)
,
S
M
A
D
3
(a
a
40
–
27
8)
an
d
H
D
A
C
1
(a
a
14
5–
45
0
1
(3
)
0
3
N
A
N
A
L
ar
ge
m
ul
tip
le
in
tr
a-
ge
ni
c
de
le
tio
ns
L
ar
ge
in
tr
ag
en
ic
de
le
tio
ns
al
on
g
th
e
en
tir
e
ge
ne
N
A
N
A
N
A
N
A
L
ar
ge
in
tr
ag
en
ic
de
le
tio
ns
al
on
g
th
e
en
tir
e
ge
ne
2
(4
)
0
4
N
A
no
n-
ap
pl
ic
ab
le
.
g.
ge
no
m
ic
(n
uc
le
ot
id
e
co
un
tin
g
ha
s
be
en
co
ns
id
er
ed
fr
om
th
e
fi
rs
t
nu
cl
eo
tid
e
of
th
e
ex
on
1,
ex
cl
ud
in
g
in
tr
on
s)
.
M
ut
at
io
ns
in
di
ca
te
d
by
a W
er
e
bo
th
fo
un
d
in
on
e
fa
m
ily
(b
ea
ri
ng
th
es
e
tw
o
m
ut
at
io
ns
on
th
e
sa
m
e
M
E
N
1
al
le
le
,
in
he
ri
te
d
by
th
e
M
E
N
1
in
de
x
ca
se
fr
om
he
r
pa
te
rn
al
lin
e)
b M
ut
at
io
ns
ar
e
in
di
ca
te
d
as
“
no
ve
l”
if
th
ey
ar
e
no
t
re
po
rt
ed
in
th
e
H
um
an
M
ut
at
io
n
D
at
ab
as
e
(h
ttp
://
w
w
w
.h
gm
d.
cf
.a
c.
uk
/a
c/
in
de
x.
ph
p)
or
th
ey
ha
ve
ne
ve
r
be
en
pu
bl
is
he
d
be
fo
re
th
is
st
ud
y
Endocrine
